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ABSTRACT It has been argued that Japanese and western musicians give
different impressions to the listener when performing western music (Saito,
1999; Shibata, 1987). However, these claims are mostly based on subjective
impressions and very few studies provide corroborative empirical evidence. The
aim of the present study is to compare Japanese and western musicians with
regard to timing. Japanese and Dutch percussionists performed nine kinds of
rhythmic patterns consisting of two intervals, under two conditions, in three
tempi. There seemed to be a tendency for the Japanese participants to perform
4:1, 5:1, 1:4 and 1:5 patterns with a smaller duration ratio than instructed,
although performance of patterns with ratios closer to 1 were similar between
the participant groups.
KEYWORDS: rhythm production, timing
Introduction
Common music notation provides musical information such as the pitch and
duration of intervals. In musical performance, musicians read the infor-
mation from the musical score and convert it into sound sequences.
Measurements of musical performances have been conducted since the
beginning of the 20th century, e.g. by Seashore and his colleagues (Seashore,
1938; Gabrielsson, 1999), revealing systematic deviations from the music
notation in the performed sequences. In later work, the differences between
performed time intervals and their idealized counterparts in the score were
shown to be linked to, and convey, the musical structure (Clarke, 1988;
Sloboda, 1985). One may wonder how deeply rooted these processes are in
human cognition and whether the relations found are valid across cultural
boundaries.
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language, social structure and history. A factor that is likely to have an influ-
ence on perception and production of rhythm is language: Japanese, for
instance, is hypothesized to be a mora-timed language in which all ‘syllables’
have the same duration in speech, while English and French are often charac-
terized as stressed-timed and syllable-timed respectively. Though these 
distinctions have been criticized (Dauer, 1983; Roach, 1982) and other clas-
sifications have been proposed (Wenk and Wioland, 1982), it is clear that
these languages differ in their timing structure. Patel and Daniele (2003)
found that there are systematic differences in note durations used by French
and English composers which are in accordance with measures of syllable
durations in speech. It is likely that these differences are also reflected in
music performance (as opposed to musical scores). Several interesting state-
ments have been made about performances of western music by Japanese
musicians. For example, the Japanese conductor Hideo Saito (1999)
described a specifically Japanese interpretation of Mozart’s pieces taught by
music teachers in Japanese colleges of music, which seemed to mirror the
Japanese language. Minao Shibata (1987), a well-known Japanese composer,
stated that young Japanese musicians feel that the musical sensitivity of the
Japanese is substantially different from that of westerners. However, these
claims are mostly based on subjective impressions. Is there any empirical evi-
dence that supports them?
Gabrielsson (1987) analyzed the timing of five pianists’ performances of
the first eight measures of Mozart’s Piano Sonata in A Major (K331). In this
study, he showed that there was a tendency for pianists to play a rhythmic
pattern consisting of a dotted eighth note, a sixteenth note and an eighth
note ( ) with a shortening of the sixteenth note and a lengthening of the
surrounding dotted eighth note and eighth note. However, one Japanese
pianist sometimes played with the reverse tendency; that is with a slight
lengthening of the sixteenth note and a shortening of the surrounding notes.
Ohgushi (1999, 2002) carried out measurements of the physical duration of
intervals from the same Mozart piano sonata as performed by Japanese and
western pianists. He reported a different tendency in the timing of the rhyth-
mic patterns consisting of three intervals with a ratio of 3:1:2. Japanese
pianists tended to produce a significantly smaller duration ratio of the first
two intervals (3:1) than western pianists. This finding suggests that there are
physical characteristics distinguishable within each culture with regard to
the expressive timing of particular rhythms. However, to be able to generalize
this observation, a more detailed and fundamental study is needed which
compares performances of simple temporal patterns by musicians who have
different cultural backgrounds.
Empirical research has provided considerable evidence of general rules for
performing time intervals. Small integer ratios of duration are easier to
process than more complex ratios; in particular, isochronous rhythm is
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integer ratios never appear in performance (Clarke, 1999). The so-called
short–long (S–L) tendency, which is a slight lengthening of the second 
interval duration, has been observed in a performance of isochronous
rhythm (Drake and Palmer, 1993; Gabrielsson, 1974; Repp, 1999).
Gabrielsson (1974) observed various deviations from exact timing in the per-
formance of rhythmic patterns having different intervals, often determined
by such factors as rhythmic structure and phrasing. Because there are many
possible musical contexts, it is difficult to find a useful explanation for these
deviations. However, in production studies that use rather simple rhythmic
patterns, a tendency towards assimilation has been noted, which is termed by
Fraisse (1956) as the equalization of duration differences (Sternberg et al.,
1982). This finding seems to be reasonably well explained by the ratio simpli-
fication hypothesis, which states that complex duration ratios tend to be
reproduced as more simple duration ratios (Fraisse, 1982; Povel, 1981).
In our experiment we used rhythmic patterns consisting of two intervals
with simple duration ratios of 1:1, 2:1, 3:1, 4:1 and 5:1. Reverse versions, i.e.
duration ratios from 2:1 to 5:1 were included as well. Japanese and western
musicians were compared with regard to timing in the production of these
patterns. To investigate how far these differences are under the control of
expressive interpretation, two conditions were used: (a) musical, and (b)
mechanical. Furthermore, we investigated the influence of tempo on the pro-
duction of the rhythmic patterns.
Method
Twelve percussionists participated in the experiment. Six of them were 
professional musicians residing in the Netherlands. The other six were per-
cussion majors (five undergraduates and one graduate student) at Kyoto City
University of Arts in Japan. The Dutch and Japanese participants had an
average of 21.5 years and 17.8 years of musical training respectively. This
period not only reflects percussion training, but also any kind of training in
western classical music.
Participants were asked to perform several rhythmic patterns from a score
written in common music notation. Each rhythmic pattern consisted of two
intervals whose duration ratios were 1:1, 1:2, 2:1, 1:3, 3:1, 1:4, 4:1, 1:5, and
5:1. To make sure that measurements reflect the participants’ intention of
performing nine different rhythmic categories, the nominal ratios of the
rhythmic patterns were given as well, as an aid to a precise understanding of
the patterns. This is because patterns with large duration ratios, such as 1:4
and 1:5, resemble each other more with regard to duration and they require
rather complex notation. Participants were instructed to perform the rhyth-
mic patterns at three different tempi: 60, 75 and 90 beats per minute. They
practised to get an accurate sense of tempo using a metronome before each
Sadakata et al.: Cross-cultural study of rhythm production 391
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and musical. Participants were given a different set of scores and instructions
for each mode. In the mechanical mode, participants were given a score
which showed one rhythmic pattern consisting of two notes, as shown in
Figure 1. They were instructed to repeat this pattern as accurately as possible
ten times. In the musical mode, participants were given a score with a 
common time signature with four bars containing twelve rhythmic patterns
in the first three bars and one quarter interval in the last bar, as shown in
Figure 2. For the musical mode, participants were instructed to perform as 
if they were performing a short piece of music. Numbers in both scores indi-
cated the nominal duration ratio of two intervals forming a rhythmic 
pattern.
Participants were instructed to perform with one hand, using a wooden
stick. A piezo contact microphone encapsulated in a box covered with a thin
sheet of rubber was used as the drum surface. The performances were record-
ed on digital audio tape (DAT) using a sampling frequency of 44.1 kHz.
Analyses
The DAT recordings were converted to audio files (AIFF, 44.1 kHz) using
SoundScope (version 3.0, manufacturer: GW Instruments). These audio 
files were played through a D4 drum machine while recording its musical
instrument digital interface (MIDI) output in Opcode Vision (version 4.0,
manufacturer: Opcode). Sensitivity controls were set by hand to capture all
hits. The MIDI files were converted to tables of interval durations, which 
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FIGURE 1 Example of the scores provided to the subject for the mechanical mode.
FIGURE 2 Example of the scores provided to the subject for the musical mode.
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following interval, using POCO (Desain and Honing, 1992). Analyses of
these intervals were conducted in JMP (version 3.2.2 and version 4.0, 
manufacturer: SAS).
The first and last rhythmic patterns of each trial were eliminated to avoid
unstable portions. In the musical mode, the last quarter note was also elimi-
nated. Thus the number of repetitions in one performance trial was eight for
the mechanical mode, and ten for the musical mode. Any rhythmic pattern
whose performed duration ratio of two intervals differed by more than 50
percent from the instructed ratio was considered an error and excluded from
the analyses. As a result, the number of trials used for analysis was 307 for
Dutch and 322 for Japanese, out of a total of 324 for each participant group.
Results
The presentation of the results focuses on the effects of the mode, the tempo,
the participant group, the rhythmic pattern and the temporal order of the
intervals within the rhythmic patterns on the performed duration ratio. The
timing of each performance was analyzed by calculating the duration ratio of
intervals included in one rhythmic pattern. The performed duration ratio was
calculated as the longer interval divided by the shorter interval. In the case 
of 1:1, the performed duration ratio was calculated as the second interval
divided by the first interval. Furthermore, the proportion of deviation of per-
formed duration ratios from the instructed ratio was computed for statistical
analyses that compare rhythmic patterns having different duration ratios.
Standard deviations (SDs) of duration ratios between the trials were used to
study the distribution of performance timing. Performance consistency was
studied by analyzing the SD of duration ratios within the trials. For the
mechanical mode the SD within the trials was used to evaluate the 
difficulty of performance. Note that here we refer to two kinds of SDs show-
ing different aspects of the data.
THE EFFECT OF MODE
Previous studies have shown that parameter variation decreases in mechani-
cal performances (Drake and Palmer, 1993; Gabrielsson, 1987; Palmer,
1989; Seashore, 1938). Therefore the consistency of performance in the
mechanical mode was expected to be greater than in the musical mode.
Performances in the mechanical mode might have been expected to be closer
to exact timing than in the musical mode, because of the instruction factor,
but contrary to our expectations, no difference between the modes was
observed for the performed duration ratio. An ANOVA on the averaged 
proportion of deviations of duration ratios by mode (2) and rhythmic pattern
(9) showed no significant main effect of mode, (F(1,611) = 1.55, p = .21),
and no significant interactions, although there was a strong main effect of
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the metric position on the performance timing for the musical mode perform-
ances. An ANOVA on the averaged proportion of deviations of duration
ratios by metric position (4) and rhythmic pattern (9) showed no significant
effect of metric position, (F(3,1244) = 0.27, p = .84), a strong main effect of
rhythmic pattern, (F(8,1244) = 58.17, p < .01), and no significant inter-
actions. These show that the performed duration ratios in the case of the
musical mode were stable regardless of metric position. The results obtained
here also may suggest that the tendencies found in this study were not a
result of the expressive interpretation of the participant playing musically, as
the same trends show up in the mechanical playing mode.
Although the mean performance timing did not change with instruction,
less variation in the timing within each trial was observed in the mechanical
mode. Figure 3 shows the averaged SD of duration ratios within the trials.
The vertical axis shows the standard deviation, and the horizontal axis shows
the rhythmic patterns. We see here that participants perform the trials more
consistently in the mechanical mode than in the musical mode. An ANOVA
on the averaged SD within the trials by mode (2) and rhythmic pattern (9)
showed an obvious significant main effect of mode, (F(1,611) = 11.81, 
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FIGURE 3 Average standard deviations of duration ratios within trials for the nine 
rhythmic patterns and two modes.
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03Sadakata  23/8/04  9:51 am  Page 394p  < .01); there was also a strong main effect of the rhythmic pattern,
(F(8,611) = 17.02, p < .01). There was no significant interaction between
them. We considered the SD within the trials in the mechanical mode to be
the standard of difficulty of the task.
THE EFFECT OF TEMPO
We  examined the effect of instructed tempo on performed tempo averaged
over each performance data set. First, we studied to what extent a constant
tempo is maintained. The beat durations were measured as the total length of
the first and second intervals’ duration. Performed tempo averaged over each
performance data set can be calculated from the beat duration of each repeti-
tion of the rhythmic patterns. Data distributions of performed beat duration
on three instructed tempi are plotted in Figure 4. The vertical axis indicates
the number of trials and the horizontal axis indicates performed tempo. It
shows that participants performed rhythmic patterns with a wide range of
tempi. The mean value of performed tempi on each tempo condition and
their standard deviation were as follows: Tempo 60 (M = 62.21, SD = 3.97),
Tempo 75 (M = 73.76, SD = 4.24), Tempo 90 (M = 88.04, SD = 4.72). An
ANOVA on the proportion of deviation of performed tempo by instructed
tempo (3) revealed a strong significant effect of the instructed tempo,
(F(2,626), p < .01). Tukey-Krummer’s multiple comparisons indicated that
the proportion of deviation of performed tempo was significantly slower in
the cases of Tempo 75 and Tempo 90 as compared to Tempo 60 (LSD, 
Sadakata et al.: Cross-cultural study of rhythm production 395
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attempting faster tempi was shown in Repp et al. (2002). There was a slight
tendency to perform rhythmic patterns with more tempo variation in faster
tempi as shown in Figure 4.
We also studied the effects of instructed tempo on the interval duration
ratios. Clarke (1985, 1987) presented evidence that the interval duration
ratios of piano performances are not the same in different tempi. Desain and
Honing (1994) also found that performance timing is not invariant in differ-
ent tempi. However, Repp (1994) found invariance of the timing profile of the
performance in different tempi. Thus there is conflicting evidence concerning
the effects of tempo on these performance characteristics.
Figure 5 presents mean values of the performed duration ratios and the
SDs between the trials by three tempi, showing that the duration ratios did
not vary with tempo. An ANOVA on the averaged proportion of deviations of
duration ratio by tempo (3) and rhythmic pattern (9) showed no significant
main effect of tempo, (F(2,602) = 0.75, p = .47), and no significant interac-
tions, although there was a strong main effect of the rhythmic pattern,
(F(8,602) = 24.67, p < .01).
The result corresponds to the finding of one of the previous studies, which
is that the relative duration ratio of two intervals is stable for different tempi
(Repp et al., 2002). However, Repp et al. also found that the duration ratios
varied with tempo in the case of three-interval rhythmic patterns in the same
study. Even in the case of two different intervals (2:1), in jazz performance,
there is evidence that the performed ratio varies largely with tempo transposi-
tion in spite of the variety of performance style (Friberg and Sundström,
396 Psychology of Music 32(4)
FIGURE 5 Average performed duration ratios for the nine rhythmic patterns and three tempi.
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analyzed that exhibited varying features, such as complexity of rhythm,
length of notes and genre (classical, jazz, rhythms without musical context).
In other words, the effect of tempo on performance seems to be related so inti-
mately to these features that it is hard to state a general rule that covers all
cases.
THE EFFECT OF CULTURAL BACKGROUND
We expected to find differences in performance timing between the western
(Dutch) and Japanese participants in the simple rhythmic patterns.
According to Gabrielsson (1987) and Ohgushi (1999, 2002), most western
pianists have a tendency to play a 3:1 pattern with a larger ratio than
Japanese pianists. Therefore Dutch players in this study were expected to 
perform this rhythmic pattern with two different intervals with a larger ratio
than the Japanese participants.
Figure 6 shows mean values of the performed duration ratios and the SDs
between the trials by two participant groups. The vertical axis indicates the
value of the obtained duration ratio and the horizontal axis indicates the
kinds of rhythmic pattern. The SD between the trials shows that Dutch par-
ticipants seem to perform all rhythmic patterns with more diverse timing
than Japanese participants. There were some duration ratios performed by
Dutch participants above the instructed ratio in every rhythmic pattern,
while the values performed by Japanese participants were seldom above the
instructed ratio for large ratios such as 1:4, 4:1, 1:5 and 5:1.
An ANOVA on the averaged proportion of deviations of duration ratio by
participant group (2) and rhythmic pattern (9) indicated that averaged devia-
tions of Dutch participants were smaller than those of Japanese participants,
(F(1,611) = 12.28, p < .01). The averaged proportion of deviations of dura-
tion ratio also varied with rhythmic patterns, (F(8,611) = 27.44, p < .01).
There was a significant interaction, (F(8,611) = 8.04, p < .01), indicating the
degree of deviation for some rhythmic patterns was significantly different
between the two participant groups. Tukey-Krummer’s multiple comparisons
indicated that the averaged duration ratios were significantly smaller for the
Japanese than for the Dutch in the case of 1:4 and 1:5 (LSD, p < .05).
Although the statistical analyses revealed a significant difference between
the participant groups in some rhythmic patterns, the tendency we had
expected was not systematically present in the results. However, there did
seem to be a trend which distinguished the Japanese participants performing
the 4:1, 5:1, 1:4 and 1:5 patterns with a smaller duration ratio than the ratio
given by the scores.
THE EFFECT OF RHYTHMIC PATTERNS
On the basis of findings from previous studies that investigated timing 
in music, we expected the rhythmic patterns with a smaller ratio to be 
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notation. In particular, the isochronous rhythmic pattern (1:1) was expected
to be performed with the S–L tendency and timing close to the instruction.
We also expected rhythmic patterns having two different intervals to deviate
towards assimilation.
As shown in Figure 6, the 1:1 pattern was the one most precisely pro-
duced. The averaged proportion of deviation was surprisingly small (Dutch:
0.78 %, Japanese: 0.15 %). As expected, a slight S–L tendency was observed
in the performance of this pattern. Most of the durations of two different
intervals showed assimilation. The larger distributions were observed in the
larger duration ratios, as represented by the SD between the trials shown in
Figure 6. Although the average duration ratios of 1:4 and 1:5 patterns per-
formed by Dutch participants were closer to the exact ratio, there was a great
variety of timings in the performances of the Dutch participants.
However, the relation between degree of distortion and the size of dura-
tion ratio is not proportional. The rhythmic pattern performed with the
largest deviation was the 4:1 pattern (Dutch: 18.18%, Japanese: 24.77%)
and there was also a large deviation in the case of the 1:4 pattern in the
Japanese participant group. Furthermore, the averaged SD within the trial in
the case of 1:5 and 5:1 patterns was not always higher than that of the 1:4
and 4:1 patterns (see Figure 3). Intuitively, the 1:4 and 4:1 patterns are 
special and awkward compared to other patterns because participants 
needed to divide a one-beat duration into five equal parts as quintuplets,
398 Psychology of Music 32(4)
FIGURE 6 Average performed duration ratios for the nine rhythmic patterns and two 
participant groups.
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this result is in line with the theory of the coding of temporal patterns (Povel,
1981; Povel and Essens, 1985); since the 1:4 and 4:1 patterns cannot be bro-
ken down into hierarchical small whole-number ratios, it is likely that they
exhibit more deviations in performance timing than the other patterns. Thus,
we could say that the degree of deviation in the performance timing seems to
be not only determined by the size of duration ratio but also by its complexity
in terms of subdivision. These results match the tendencies found in previous
studies. Simple duration ratios such as 1:1, 1:2 and 2:1 were produced more
consistently within trials. Performed duration ratios of these patterns were
also consistent between the trials. Observed assimilation of two different
intervals in relatively complex duration ratios such as 1:4, 4:1, 1:5 and 5:1
can be interpreted as an indication of ratio simplification.
THE EFFECT OF TEMPORAL ORDERS OF THE RHYTHMIC PATTERNS
Next, we studied the influence of the temporal order of the rhythmic pat-
terns. The nine rhythmic patterns can be divided into three classes according
to the temporal order of the nominal duration of the intervals:
● Long–short: the first interval’s duration is longer than the second
(2:1,3:1,4:1,5:1);
● Short–long: the second interval’s duration is longer than the first
(1:2,1:3,1:4,1:5); and
● Even: the first interval’s duration is the same as the second (1:1).
The long–short patterns were expected to be more familiar to the partici-
pants because successive repetition of long–short patterns is more common
in western music than short–long patterns. Repp et al. (2002) found that the
1:2 pattern is more difficult to perform than the 2:1 pattern as participants
had to repeat the trials of 1:2 patterns more often than the 2:1 patterns 
to achieve their desired performance. Similarly, the long–short patterns 
may be performed more consistently than the short–long patterns. The SD
within the trials of long–short patterns in mechanical mode was indeed 
significantly smaller than that of short–long patterns (p < .05), supporting
our expectation.
Furthermore, an effect of temporal order was not only observed for the
consistency of the performance but also for the performed duration ratio, as
participants tend to perform smaller duration ratios in long–short patterns
than in short–long patterns, in spite of being instructed to perform the same
duration ratio (see Figure 6). An ANOVA on the averaged proportion of
deviations of duration ratio by order (2, excluding the 1:1 pattern) and
instructed duration ratio (4) revealed the significant effect of order (F(1,551)
= 30.31, p < .01). There was no significant interaction between order and
instructed duration ratio, indicating that the effect of order was the same for
each instructed duration ratio.
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long–short and short–long pattern was observed, there was a systematic 
relation between the temporal order of the two intervals and the degree of
deviation of the performance timing.
Discussion
Our main aim in this study was to pinpoint cultural differences in playing
style of simple rhythmic patterns. Although we have not found very large
effects, we have found various characteristics of performance timing, e.g. an
independence of tempo and performance mode. One may argue that the two
participant groups were not matched well enough, as they differed not only
in nationality but also in the amount of musical training experience (Dutch
21.5 years, Japanese 17.8 years) and degree of professionalization. As the
length of musical training experience may not be proportional to skill in
musical performance, judging the match is quite difficult. However there are
some studies which suggest that professional musicians are better than ama-
teurs or students at producing consistent timing patterns (Gabrielsson, 1987;
Palmer, 1989; Repp, 1990; Sundberg et al., 1996). This suggests that we can
determine whether the two groups are adequately matched in terms of skill
by measuring within-participant variability.
The SD within the trials of mechanical performance data was applied to
compare two participant groups with respect to performance stability. The
SDs of duration ratios within the trial of each participant for every rhythmic
pattern were averaged. The t-tests on these averaged SDs showed no signifi-
cant differences between Dutch and Japanese groups, (p = .43). Although the
average number of years of musical training of Japanese participants was
smaller than that of the Dutch participants, it seems that performance con-
sistency was not significantly different between the two groups. Furthermore,
one might argue that the two groups compared in this study are not clearly
culturally distinct as both groups of musicians have had training in western
classical music. However, the environments in which these two groups live
their daily lives are clearly different, and the languages they use and are
exposed to are also grammatically and rhythmically unrelated.
For some of the large ratios (1:4 and 1:5), there were significant timing
differences between the two groups, as Japanese participants performed them
with smaller duration ratios than Dutch participants; the same tendency was
observed for the reverse version of these patterns (4:1 and 5:1), although the
effect is not significant in these cases. This tendency was not found for small
ratios (1:1, 1:2, 2:1, 1:3 and 3:1). Deviations of the duration ratio from the
instructed ratio were larger for large ratios. The SD between trials also
increased in the large ratios. All these observations suggest that the perform-
ance timing of large ratios was more unstable than that of small ratios. This
seems to be in accordance with the general principle that small integer ratios
400 Psychology of Music 32(4)
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ance timing is common to both participant groups, whereas cultural 
differences are more likely to occur in the processing of more complex
rhythms.
However, rhythmic patterns in real music have a far richer structure than
the rhythms used in this study. The relation between performance timing and
more complex rhythmic structures has yet to be investigated, and we would
expect that both common and independent cultural features of the musical
performance will be found to play a role.
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